Abstract. The objective of this paper is to study the effect of an unsteady moving heat source on the aerodynamic performance of an NACA 0012 airfoil section, with particular focus on the lift and drag coefficients. The compressible Navier-Stokes equations are solved using a finite volume method as well as Spalart-Allmaras Model for turbulence simulation. The heat source periodically moves over the lower surface of the airfoil in the downstream direction. The numerical results show how the drag and lift coefficient strongly depend upon the velocity of the source. For a constant source power, a progressive improvement in the mean values of lift and drag coefficients is observed as velocity increases.
Introduction
Optimizing aerodynamic performance and increasing the reliability of flying machines has led scientists to find new methods that simultaneously provide increase in the lift and reduce drag. One of those approaches has been using procedures based on heat transfer effects. Over the last decades, several numerical and analytical methods to study heat effects have been developed. Generally, the effect is studied by imposing steady temperature differences between the airfoil surface and the freestream. For example, Norton et al. (1973) [1] studied the case of NACA 0012 heated at different ratios and considering both laminar and turbulent flows over the surface. Their results showed a destabilization of the boundary layer, earlier transition and separation for temperature ratio bigger than unity. The paper showed a reduction in the value of Cl max and an increase in drag as the airfoil was heated.
Information Technology and Nanotechnology (ITNT-2016) 499 Similar findings were found by Blohm and Marchman (1974) [2] , who studied the heat transfer effects in subsonic flow around a delta wing. In this case, considering the effect on leading edge vortices. Fleming and Taylor (1992) [3] implemented a computed model of incompressible turbulent flow and heat transfer over rough surfaces introducing it into an existing NavierStokes algorithm. Similarly, Allen and Look [4] created a method to calculate heat transfer rate for wings and bodies of revolution over the surface as a chord wise distribution. The effects of heat transfer on boundary layer stability and laminar-turbulent transition were pointed out by investigations such as the one carried out by Landrum and Macha (1987) [5] , which experimentally presents the effect of heating the nose of a NACA 0012 on turbulence disturbances. Transition location was practically unaffected, but transition zone resulted larger and the amplitude of disturbances increased with heating. A later analytical investigation conducted by Kazakov et al. (1995) [6] showed the possibility of delaying transition in airfoils by heating a tiny area near the leading edge and an improvement in lift generation was achieved by varying the pressure distribution. More effects on shear layer development for attached and separated layers are discussed by Mabey (1990) [7] , who also includes analysis of velocity profiles, thickness and transition of the boundary layer. The author points out that heat transfer has powerful effects on aerodynamic measurements that should not be neglected.
Motivated by the appearance of unmanned and micro aerial vehicles, numerous researchers have investigated heat transfer effects on flow with very low Reynolds and Mach numbers. By cooling the extrados and heating the intrados, Kim et al. (2003) [8] achieved to enhance lift and reduce drag, especially significant for small-scale airfoils. The same results were obtained by Bekka et al. (2009) [9] using a numerical computation of the flow around microscale wing for MAV with and without thermal effect. A more specific study of influence of heat transfer on the aerodynamic performance of a plunging and pitching NACA0012 airfoil at low Reynolds numbers can be found in Hinz et al. (2013) [10] . Thus, practically no attention has been drawn to the effects that an unsteady heat source might cause on aerodynamic performance of airfoils. Similarly, most of the investigations focus on the influence produced specifically on the boundary layer. However, it is worth mentioning that there are experimental and theoretical studies that have shown an improvement in lift generation by adding a moving unsteady heat source for the flow around a cylinder [11] . Given the lack of investigation in this area, the objective of the current study is to present the possible effect of an unsteady heat source in airfoil aerodynamics. As a framework for the numerical simulations the 2D NACA 0012 Validation Case of NASA Langley Research Centre is used here [12] . All the numerical calculations of this research were computed on the supercomputer "Sergey Korolyov" at Samara State Aerospace University using the software ANSYS Fluent 15.0.
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Governing equations
The governing equations are two-dimensional unsteady compressible Reynoldsaveraged Navier-Stokes equations (RANS), which in an Einstein notation can be expressed as follows (e.g. Anderson et al (2010) [13] and Bekka (2009) [9] ):
where E is the total energy, ˆi j  is the stress tensor for molecular and Reynolds stresses, and j q is the total heat flux.
The stress tensor is evaluated using Stokes hypothesis and Boussinesq assumption and can be expressed as: ˆ2,
For simulations in this paper, the turbulent eddy viscosity t  is calculated using
Spalart-Allmaras turbulence model. This model was designed and optimised for aerospace applications, especially for flows past wings and airfoil. Some of its advantages include: ease of implementation for any type of grid (e.g. structured or unstructured, single-block or multi-block) and computational efficiency, since it only solves for only a single additional variable, which makes it quite stable and less memoryintensive than the other models [14] . This model solves a single transport equation, written as: Unsteady RANS are numerically solved in ANSYS Fluent by using the finite volume method, which rewrites a general scalar transport equation as an algebraic expression that can be calculated for each control volume [16] . The base of the method is the integral form for the transport of a scalar quantity  in an arbitrary volume V , as follows:
where  -density, v -velocity vector, A -surface area vector,   -diffusion coefficient for  and S  source of  per unit volume. Applying discretization to (7), it yields:
where N is the number of faces enclosing a cell and the values t   of i  and are determined using temporal and spatial discretization schemes, respectively. In the spatial discretization, the Third-Order MUSCL (Monotone Upstream-Centered Schemes for Conservation Laws) scheme was used to evaluate the final solution for density, momentum, turbulent viscosity and energy. Similarly, Green-Gauss nodebased and second-order upwind schemes are applied for gradient and pressure evaluation, respectively. In the temporal discretization, a second-order implicit method is assigned. Additional models, to solve the closure problem of unsteady RANS equations, include ideal-gas law, constant specific heat assumption and Sutherland's model for dynamic viscosity.
Domain and boundary conditions
An existing structured 1793 x 513 grid is recompiled from [12] and used as computational domain. The grids have a farfield extent of about 500 chord lengths and no farfield point vortex boundary condition correction is being applied in this investigation. The flow domain is scaled twice in order to achieve chord Reynolds Number equal to 6 million.
The same boundary conditions are imposed, as in the case of NASA validation case. These conditions include free stream Mach number of 0.15, chord Reynolds number equal to 6 Million and the angle of attack equal to 10 degrees. For Sutherland's Model the reference viscosity and temperature are 1.865·10-5 kg/ms 300 K, respectively and at the far stream boundary the turbulent initial value is set using an initial turbulent viscosity ratio equal to 0.210438. The airfoil surface is modeled as a wall with no slip and adiabatic conditions. For the Spalart-Allmaras Model a Prandtl Number of 0.72 is used, as well as a value of 0.9 for Energy and Wall Prandtl Numbers, respectively.
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A schematic of the modified flow domain and boundary conditions is presented in Fig. 1 . The unsteady heat source has a circular shape with a 0.005-meter radius. Timedependent movement is set to be periodic and uniform along the lower surface in the downstream direction. The power of source does not vary over time and its value is constant within the area of the source. Fig. 2 depicts the contours of static temperature in the case of a source with velocity of 30 m/s. The details of the three grids are given in Table 1 . Table 2 . As the number of cells increase, the value for C D and C L decreases and asymptotically approaches the values numerically obtained and validated in [12] . For the purpose of numerical investigations and considering the available computational capacity, a grid of at least 919809 cells is selected, which provides errors of less than 0.45% for CD and 0.035% for CL. Thus, the results obtained using Grid 3 are further used as reference values for comparisons in the following sections of this paper. The convergence of C D and C L as the number of cells increases is plotted in Fig. 3 .
Thermal Effect Study
To investigate the effect of an unsteady heat source around a NACA 0012, several possibilities for source movement were analyzed. Preliminarily, uniform clockwise movement around the entire surface and movement along only one of the surfaces were considered. The results showed a relative decrease in C L and increase in C D for different velocities. The data demonstrates a monotonic decrease of C D as velocity becomes higher, whereas C L monotonically increase for increasing source velocity. Besides, gradient of increment in C L seems to gradually diminish with increasing source velocity. Despite a relative increment of C D mean values with respect to C D obtained with no source present, the overall aerodynamic performance tends to increase since C L also reaches higher values. Nevertheless, this overall improvement is only comparatively better for high velocities. These results suggests the possible existence of a minimum source velocity necessary to observe an enhanced aerodynamic performance for a specific source power. The determination of this minimum velocity is beyond the scope of this article.
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Conclusions
The effect of an unsteady moving heat source on the aerodynamic performance of NACA 0012 was investigated using numerical simulation. Computations are performed varying velocity source and using a constant power. In all cases, the computed results are performed using second order implicit scheme for time integration and third order MUSCL and second-order upwind schemes for spatial integration. Preliminarily, an investigation into the sensitivity of the results to grid refinement is conducted; furthermore, the results are verified based on solutions available in [12] . Simulation results reveal that velocity increment has positive effects on aerodynamic performance both increasing lift coefficient and decreasing drag coefficient.
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In future papers, more attention has to be paid to the optimization of the source parameters in order to obtain a lift-maximized aerodynamic performance. A more detailed range of values for velocity and power could be considered as well as a further frequency study of the oscillations for C D and C L coefficients.
